SUMMARY Five cases of renal impairment caused by the deposition of light chains in the kidney in association with various immunoproliferative disorders are reported. Light microscopy, immunohistochemistry, and electron microscopy were undertaken and different clinical courses were studied, resulting in variable influences of treatment. Light chain deposition is an important cause of renal impairment and requires special histological techniques for its recognition.
One of the mechanisms implicated in the development of renal impairment in myeloma is toxicity to the kidney caused by myeloma proteins.1 It is now apparent that immunoglobulin light chains may become deposited in and damage the kidney, even in the absence of myeloma, and the terms light chain deposition disease2 and light chain nephropathy3 have been used to describe this process. It is unclear why light chains, which are normally freely filtered at the glomerulus and catabolised in the proximal tubule,4 should become nephrotoxic. The production of excess or abnormal light chains, although implicated in many cases, is not always evident. The absence of an underlying immunoproliferative disorder or of monoclonal light chains in the plasma or urine does not exclude the diagnosis,5 which can only be made with confidence on histological examination of renal tissue. Various histopathological abnormalities have been recognised,6 with the identification of light chains by immunohistochemistry being the diagnostic feature.
We report five cases in which renal impairment was associated with the deposition of immunoglobulin light chains in the kidney.
Methods
Percutaneous needle biopsy specimens were studied by light, electron, and immunofluorescence microscopy. Samples for light microscopy were fixed in 10% buffered formol saline and embedded in paraffin. Sec- tions were cut at 2 to 3 microns and stained with haematoxylin and eosin, periodic acid Schiff, Masson's trichrome, periodic acid silver methenamine and Congo red. In addition, sections were stained for IgG, IgA, IgM and K and A light chains using the immunoperoxidase technique. Samples for Accepted for publication 8 July 1986 immunofluorescence microscopy were snap frozen in liquid nitrogen and stored at -90°C. Cryostat sections were stained with fluorescein labelled antisera against human immunoglobulins G, A, M (heavy chain specific), K and A light chains C3, C1q, and fibrinogen by standard methods. For electron microscopy, specimens were fixed in cold 2-5% glutaraldehyde, postfixed in 1% osmic acid, dehydrated in graded alcohols, and embedded in Epon 812. Thin sections were double stained with uranyl acetate and lead citrate. Plasma and urine free light chain values were measured by immunoprecipitation techniques and expressed as g/l with reference to grams of polyclonal standard.
Case histories CASE I
In September 1982 a 65 year old storeman was found to be anaemic and to have renal impairment. There was a family history of anaemia. Haemoglobin was 6-7 mg/100 ml with an elliptocytosis on blood film; the white cell count was 104 x 109/l, platelet count 376 x 109/1, and erythrocyte sedimentation rate 27mm/first hour. Red cell fragility was increased. Bone marrow was cellular with large numbers of elliptocytes and microspherocytes. Plasma cells constituted 8% of the population. Urea was 15-8 mmol/l (94-8 mg/100 ml) and creatinine 412 pmol/l (4 6mg/100ml). Twenty four hour urine volume was 1-571 with a creatinine clearance of 14 ml/minute and a protein loss of 4-3 g. Total protein concentration was 71 g/l, albumin 41 g/l, and calcuim 2 26 mmol/l (10-4mg/100 ml).
Renal biopsy findings (figs 1 and 2) showed 18 glomeruli, of which six were totally sclerosed. The rest were all abnormal and had a lobular pattern with segmental or global nodular expansion of the mesangium. The mesangial expansion was predom-53 An aeroplane designer was found to have lymphocytosis on routine blood count in 1975 at the age of 45. Chronic lymphocytic leukaemia was diagnosed on bone marrow examination. By 1977 total white cell count had risen to 510 x 109/l with 93% lymphocytes, and treatment with chlorambucil was started. Renal impairment was noted in September 1983 when urea was 18-1 mmol/l (108 6mg/l00ml) and creatinine 340 imol/l (3-8 mg/100 ml). Twenty four hour urinary volume was 2-241 with a creatinine clearance of 122 ml/minute. Haemoglobin was 105 mg/l00 ml, white cell count 94 x 109/l (80% lymphocytes), platelet count 166 x 109/l and erythrocyte sedimentation rate 39 mm/first hour; chlorambucil was stopped. Total protein was 52 g/l, albumin 26 g/l, and calcium 2-01 mmol/l (80 mg/100 ml). Plasma protein electrophoresis showed a very weak band of IgG K light chain.
Renal biopsy findings (figs 3 and 4) showed two interrelated morphological abnormalities. Fourteen 55 of 20 glomeruli were totally sclerosed. The rest showed a spectrum of changes including focal segmental scarring, widening of glomerular capillary walls secondary to mesangial interposition, and occasional hyaline insudative lesions within the thickened walls. Proximal tubules were noticeably atrophic with thickening and lamination of the basement membrane. Immunohistochemical staining showed intense staining of focal capillary walls and thickened tubular basement membranes for IgG and K light chains. These glomerular and tubular changes were indicative of a light chain nephropathy.
There was also a monoclonal infiltration of lymphocytes, positive for IgG K only, compatible with infiltration by a malignant lymphoid neoplasm. Electron microscopy ( fig 4) showed polygonal crystalline structures with a lattice like configuration within most of these lymphocytes, which most probably represented immune proteins. Amyloid was not identified. Renal function initially continued to deteriorate and haemodialysis was required for several ; 2 4 > . A 72 year old woman developed a rash and diarrhoea in December 1984 while taking mefenamic acid for backache. She had a generalised macular rash and tenderness over the lower thoracic spine. Haemoglobin was 10-6 mg/lOO ml, white cell count 5 9 x 109/1, platelet count 184 x 109/I and erythrocyte sedimentation rate 17 mm/first hour. She was found to be in renal failure with a urea of 55-1 mmol/l (331 2mg/l00ml) and creatinine 1500 ymol/1 (1 7 0 mg/100 ml). Twenty four hour urine volume was 0 31 with a creatinine clearance of 0-6 ml/minute and protein loss of 0-2 g. Total protein was 48 g/l, albumin 21 g/l, and calcium 2 07mmol/l (8 3mg/l1Oml). Radiographs of the thoracic spine showed collapse of the eleventh thoracic vertebra.
Renal biopsy was performed to ascertain the cause of her renal failure. The histological abnormalities were twofold (fig 6) . Firstly, there were tubular casts with giant cell reaction indicating that the patient had unsuspected myeloma. Stains for amyloid were negative. Secondly, there was evidence of proximal tubular epithelial cell degeneration and necrosis consistent with mefenamic acid induced ischaemic damage. No monoclonal band was found in plasma, but an IgM A paraprotein was present in the urine. Urinary free A light chain concentration was 2-5 g/l. Abnormal plasma cell proliferation was found on bone marrow examination.
Mefenamic acid was stopped and treatment. with melphalan and steroids and intermittent haemodialysis was started. Renal function gradually improved allowing haemodialysis to be discontinued after four weeks when creatinine clearance had risen to 5-8 ml/minute. A year after presentation her urinary paraprotein persisted despite continued treatment with melphalan and steroids but creatinine clearance was 33 ml/minute with a 24 hour urinary protein loss of 0-2 g. 57 CASE 5 A 50 year old personnel officer presented in May 1985 with a vasculitic rash on her legs. The rash had been present for five years but had become more noticeable with areas of ulceration over the preceding few months. Haemoglobin was 9-7 mg/100ml with a white cell count of 13 0 x 109/l, platelet count of 218 x 109/l and erythrocyte sedimentation rate 77 mm/hour. Urea and creatinine concentrations were increased to 78mmol/l (46-9mg/100ml) and 278 pmol/l (3 1 mg/100 ml), respectively, with a creatinine clearance of 33 ml/minute. Total protein concentration was 66 g/l, albumin 39 g/1, and calcium 2 18mmol/l (8 The synthesis of light chains, which are abnormal in either size or structure, seems to be the major factor in determining their nephrotoxicity,'0 and the isoelectric point of the light chain has been proposed as a particularly important determinant."1 Thus variations in the isoelectric point may influence filtration though the negatively charged glomerular basement Bradley, Thiru, Evans membrane or precipitation in casts with the anionic Tamm-Horsfall mucoprotein. Similarities between the glomerular lesions described in case 1 and those found in diabetic patients have led to the suggestion that glycosylation of light chains may be important. 5 The clinical diagnosis of renal light chain deposition can be challenging as the clinical features vary according to the different patterns of deposition within the kidney. Renal failure and proteinuria are particularly associated wth glomerular deposition, and failure of concentrating powers with tubular deposition. The recognition of the disorder is clearly important as treatment may be effective. In cases where a well recognised immunoproliferative disorder is present treatment can be directed towards this. The indication for and methods of treatment become less clear, however, when an underlying immunoproliferative disorder cannot be identified. 2 All patients in our series received treatment with alkylating agents, and follow up has ranged from six months to three years. Renal function improved after treatment in cases 2 and 4, although a potentially reversible interstitial nephritis due to mefenamic acid accounted for some of the renal impairment in case 4.12 Renal function has remained stable in case 5, with serum creatinine concentration at 300pmol/1 (3.4mg/100ml). In case 3 the sodium leak persisted and the patient died three months after presentation as a consequence of myeloma and immunosuppression, and in case I renal failure progressed despite treatment.
Deposition of light chains in the kidney is an important cause of renal disease that will only be detected if the diagnosis is suspected and renal biopsy tissue examined using special histological techniques. It should be considered in all cases of renal impairment in which the cause is not obvious.
